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PELLAGRA AND SOME ALLIED CONDITIONS
FRANK P. UNDERHILL
To trace the history of pellagra is exceedingly difficult although
it is probable that the disease has been prevalent since ancient times.
The term, pellagra, is derived from two Italian words, pelle, skin,
and agra, rough. In the past there have been many synonyms for
this disease, among which are Alpine scurvy, Asturian leprosy,
Asturian rose, Disease of the Landes, Maidismus psycho-neurosis
Maidica, Mal de la Rosa, Mal del Sole, Mal de Misere, Mal de
Padrone, etc. Perhaps the earliest recognition of the disease was
that of the authorities of the Hospital Major of Milan in I578 who
treated it under the title of pellarella. It was Frapolli who in I760
bestowed the name pellagra upon the sickness.
The earliest records of the disease are associated with the con-
sumption of maize. As early as i6oo Barnino described an illness
among certain tribes of the American Indians which he related to
maize and which answers to the description of pellagra. Shortly
after, in Italy, Fransisco Scipio described a similar disease even more
fully. The first recognition of pellagra in Spain was in I68o-I700
coincident with the introduction of corn to that country. To Gaspar
Casal must be given the credit for the first scientific description of
the disease. Casal studied it in the vicinity of Oviedo in I735 under
the name "Mal de rosa." In I760 it was named pellagra by Fra-
polli, and by I776 its spread in Italy had become so great that in
Venice legislative measures were taken to prohibit the sale or ex-
change of ill-smelling, ill-tasting, or discolored corn.
Since I839 the various European governments have been well
aware of the importance of the disease and various measures have
been taken to cope with the situation. Every nation of Europe,
including England, has had its experience with pellagra. It must
be admitted, however, that in the countries of the temperate zones
the disease has made less headway than in the warmer climates.
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With respect to the United States it may be stated that its recog-
nition is only of comparatively recent date. As late as I903 a
writer' states that "no cases have appeared in this country, although
it is sometimes imported with immigrants coming from countries
where the disease prevails." On the other hand, in I902 cases were
found in Georgia, and since then its recognition has increased until
its presence in every state in the Union has become established. The
number of cases in the United States probably approximates 50,000,
most of which are to be found in the southern and middle-western
states.
"Seldom in the history of disease processes has there been studied
one whose symptoms and clinical history presented such a varied
panorama as pellagra. The gastro-enterologists have noted the
ever present digestive disturbances; the dermatologists have fol-
lowed the skin lesions, from simple erythema to the many grades
of dermal inflammation; the neurologists and alienists have found
it a fertile field for investigation; while even the surgeons have at-
tempted to show a causative relation between pellagra and intestinal
stasis or infected gall bladder." Another writer has designated the
disease as the disease of the "'4 D's"-dermatitis, diarrhea, delirium,
death.
The gastric symptoms are not unlike those of chronic catarrhal
gastritis with hypoacidity. A characteristic feature is the diffuse
redness of the buccal mucous membrane, with a tendency for the
corners of the mouth to become sore. The tongue may present a
peculiar appearance giving rise to the term "cardinal tongue," due
to the loss of epithelium. At times constipation occurs, but usually
the disease is associated with diarrhea which later in the terminal
stages may partake of the nature of dysentery or even cholera.
The skin manifestations occur during some stage of the disease
and may or may not be the first symptom. Indeed, the skin trouble
in certain instances may not be in evidence until near the closing
scene. At first the skin lesion strongly resembles the erythema of
sunburn and may be mistaken for it, especially as it generally occurs
on exposed portions of the body. It is to this condition of the skin
that pellagra owes its name and yet it is no more a purely skin dis-
ease than leprosy or syphilis. The erythema persists and finally
leaves the surface scaly and rough. The eruption is symmetrical, a
lesion on one hand or arm usually being duplicated on the other
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hand or arm. The skin lesions are also notable because of the
sharply circumscribed border most frequently to be observed in the
patches upon the hands and neck. So distinctive are the lesions of
the neck in this respect that they have been called the "necktie" of
Casal. In general few lesions are seen upon the face. Some cases
show lesions on the dorsal surfaces of the feet, and in some the sur-
face of the legs or large areas of the body may be involved. Those
surfaces which come into contact by adduction are particularly likely
to be affected. The surfaces of the knees and of the elbows may
show lesions, and there is a tendency for the eruption to spread along
the forearms.
Eventually the affected areas assume a dingy black hue and are
rough and hard. Usually these patches are most frequent on the
palms of the hands and the soles of the feet, on the sides of the nose,
or on the forehead. The dermatitis may exfoliate, leaving raw,
bleeding surfaces, or even ulcerated patches. Rarely extensive loss
of tissue and gangrene may occur.
The nervous phenomena may be present throughout the entire
course of the disease. These consist of fleeting pains, paresthesias
and formication, and neuritis. In the early stages of the disease
there may be a burning sensation of the mouth and tongue, burning
hands and feet, and lightning pains not unlike those of tabes. In
particular these burning sensations should always excite suspicion.
Skin reflexes are either diminished or exaggerated. Pellagrins as
a rule are afflicted with insomnia. Usually psychoses are also pres-
ent. These may partake of a vague mental unrest or range to acute
mania, from a mild melancholia to dementia, or may be merely a
nagging restlessness or a suicidal tendency.
After an initial attack the patient may regain a normal condi-
tion. This is especially true as cold weather approaches and most
pellagrins appear to be quite well during the winter months. The
period of freedom from symptoms may be prolonged for long in-
tervals and it would seem that the patient had entirely recovered.
On the other hand one should be cautious in stating that any pel-
lagrin has completely recovered. Rather it should be stated that
the disease is either arrested or is quiescent, for generally a recurrence
takes place. These recurrences are usually milder than the initial
attack and generally occur somewhat earlier in the season. "When
the habit of recurrence has become established it has a strong tend-
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ency to continue. On the other hand, those who have escaped from
recurrence for one or several years may nevertheless subsequently
suffer recurrence. Thus of I37 pellagrins who survived the second
year without recurrence, I6 suffered recurrence in the third year,
io6 remained free from recurrence, and IS were of uncertain record.
Of 62 individuals who had passed two years without recurrence, I I
suffered recurrence in the fourth year of the disease (17.7 per cent).
After three years without recurrence, I3.3 per cent suffered recur-
rence in the fifth year. Indeed, apparently reliable records in one
case indicate a recurrence after nineteen years of freedom from
recognizable manifestations of the disease."2
In general there seems to be a distinct influence of race upon the
incidence of pellagra. The negro is apparently less susceptible than
the white man, but although the negro is less frequently afflicted
with the disease he suffers much more severely and his death rate
is much higher than that of the white man. White women and
children, older white men, and negro women seem most readily
attacked.
In the first year of life pellagra is rare; in white children under
ten years of age it is quite prevalent; at the age of puberty it de-
creases; increases to a maximum in women from the age of sixteen to
forty-five; in men it is infrequent until after the thirtieth year. The
death rate in the initial attack is lowest in children and quite low in
women ranging in age from sixteen to forty-five years. In general
pellagra seems no more dangerous than measles. On the other
hand, with men and women above fifty years of age the death rate
is more than 20 per cent during the first year of the disease.
Pregnancy seems to act as a deterrent, and if the disease
does occur the attack runs a milder course. The same statement is
true with respect to recurrences. On the other hand, women seem
to be predisposed to both the initial and recurrent attacks in the
months following childbirth.
Aside from the skin lesions the pathology is not distinctive, al-
though it has been asserted that there are definite changes in the
nervous system indicative of a degeneration of the fibres in the
spinal roots. In addition there may be alterations in the ganglion
cells throughout the brain, spinal cord, and spinal ganglia.
The etiology of pellagra has been a subject of controversy for
a considerable period of time. Its incidence at first was correlated
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with the toxic action of maize, especially maize that had begun to
change because of chemical action due to infection with fungi, etc.
Although it is undoubtedly true that many pellagrins have eaten
maize, it is equally certain that there are many pellagrins whose diet
never contained maize. It is therefore quite evident that maize per
se cannot be accepted as the only causal agent. The maize, or
zeistic, theory was presented in I866 by Roussel, and this viewpoint
held sway until I905. According to the zeistic theory there are at
least two groups of factors to be given consideration-external and
internal factors. Maize which has been altered chemically, that is,
spoiled, is regarded as the external cause of pellagra, giving char-
acter to the disease, and in its absence the internal factors are unable
to produce the disease. It is quite apparent from many observations
that maize, even when consumed in abundant quantities, does not
always induce pellagra. It would appear that in order for maize to
cause pellagra it is essential that the conditions within the organism
be suitable. The apparent essential conditions for induction of the
disease are any form of reduced vitality, the phases of sexual activity
in the female, and, perhaps most important of all, the influence of
heredity. It was in I905 that the maize theory was brought into
question by Sambon. He demonstrated most effectively that pel-
lagra may occur in individuals who have never eaten maize, a point
which was denied by Roussel. Sambon substituted for the maize
theory the view that pellagra is an infection borne by a fly of the
genus Simulium. Later studies of pellagra have shown that this
theory is certainly incorrect. Nevertheless the idea that infection
may be a cause of pellagra still persists among certain investigators.
Support was given to the theory of the infectious nature of pel-
lagra by the publication in i9 I of the Report of the Illinois State
Pellagra Commission3 which concluded that pellagra is a disease due
to infection with a living micro-organism of unknown nature and that
a possible location of this infection is in the intestinal tract. It was
further stated that deficient animal protein in the diet may constitute
a predisposing factor in the contraction of the disease. As the result
ofan extensive study of pellagra in southern United States and in the
West Indies, the Robert M. Thompson Pellagra Commission4 came
to conclusions lending support to those of the Illinois Commission.
The studies of Jobling and Petersen5 in the vicinity of Nashville
led them to regard infection as a probable cause of pellagra.
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Since I9I2, when Sandwith pointed out that pellagra may be a
disease due to a deficiency in nutrition, the infectious theory of pel-
lagra has received less support and in turn attention has been directed
mainly to a deficiency of some necessary nutritional element in the
diet as the effective agent in the production of the disease. The
impetus for this view was given by Goldberger and Wheeler who by
means of diet alone were able in human subjects to reproduce le-
sions which were diagnosed as characteristic of pellagra. The rela-
tionship between pellagra and diet is further shown by the fact that
clinical recovery is obtained and maintained so long as proper diet
is continued. Moreover, no recurrences take place under these
conditions. When a suitable diet is provided the disease is not mani-
fested, and this is true even though the sanitary conditions may not
be of the best. As Goldberger states, there is no good evidence that
the disease can be prevented by any means other than through die-
tary measures.
Perhaps the strongest argument that has been advanced against
the deficiency theory is that voiced by MacNeal6 in the following
words-"Perhaps the most serious difficulty for the deficiency theory
has arisen during the period of the recent war. Dietary deficiency
became the rule in central Europe, and the resulting increase in de-
bility and death rate have been conspicuously reported. Among the
diseases increased in this part of Europe during the period of de-
ficient diet, pellagra is conspicuously absent. Actually there was
observed an extensive outbreak of pellagra in a British camp for
Turkish prisoners of war located in Egypt. Many of these prisoners
had evidently been pellagrins before capture, but the disease also
spread to new victims in the prison camp. This outbreak of pellagra
was investigated by a British Committee of Inquiry, andtheyascribed
it to the relatively deficient diet of the Turkish prisoners, contrasting
in their report their condition with that of the German prisoners in
an adjacent camp, men who had subsisted on a most excellent diet
before capture and who were receiving as prisoners a diet above re-
proach. Enright has since reported an extensive outbreak of pel-
lagra in this very camp of German prisoners, the outbreak having
begun at almost the exact time that the above-mentioned Committee
of Inquiry had completed its investigations, namely, December,
I9I8, and January, 1919. Enright concludes, "Although I have
been unable to advance any satisfactory cause for this mysterious
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outbreak of pellagra, I do submit that I have established a clear case
against a 'food deficiency' as being the only factor involved."
MacNeal, who is opposed to the food deficiency theory, believes
that "the etiology of pellagra depends upon two factors analogous
to those recognized by Roussel: (i) The specific causative factor
which is a living organism, an infectious agent derived directly or
indirectly from a previous case of the disease, and (2) a factor or
group of factors, quite non-specific, which serve to reduce the re-
sistance of the victim. In this latter group are recognized malnu-
trition, either from inadequate food or inability to utilize food in an
adequate manner, cachexia of disease, overwork, depressing influence
of hot weather, strain of reproduction in women, involution of old
age, alcoholism, and many other such influences. The specific causa-
tive, which I believe to be a living organism, remains unrecognized.
Most probably it resides in the gastro-intestinal tract, and the absorp-
tion of its products from the digestive tract gives rise to the distant
manifestations of pellagra. In regard to the factors influencing the
possible transmission of the hypothetical parasite, as well as those
which may influence the resistance of the human individual, a great
many facts have become established by epidemiologic studies in
pellagrous districts." As opposed to the infectious theory must be
placed the fact that all attempts to produce pellagra by experimental
inoculation have failed.
The Thompson-McFadden Commission laid emphasis upon in-
sanitary conditions as a means of transmission of the disease and at
the same time demonstrated the pellagra-preventing value of animal
foods, particularly milk. However, animal food deficiency cannot
be the direct cause of pellagra; otherwise one cannot account for the
fact that there are many vegetarians who never have had pellagra.
If it may be accepted that pellagra is due to a faulty diet, the
next point to consider is the type of diet conducive to pellagra and
the nature of the deficiency thereby created. One difficulty in clear-
ing up the mystery of the etiology of pellagra has been the absence
of a suitable experimental animal in which the disease can be in-
duced. Study in this direction was greatly promoted by the publica-
tion in 19I7 of a paper by Chittenden and Underhill7 in which was
reported the production of a pathological condition in dogs which
bore certain resemblances to human pellagra. The production of
the disease they ascribe to a deficiency of some essential constituent
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or constituents, presumably belonging to the group of hitherto un-
recognized but essential components of an adequate diet. It must
be pointed out that at the period when the foregoing sentence was
written our knowledge of these substances, later designated vita-
mins, was much less definite than it is at the present time. Later
Wheeler, Goldberger, and Blackstock8 identified this experimental
condition with the spontaneously occurring disease of dogs known as
black tongue. They also called attention to the strikingly similar
geographic distribution of the two conditions in the United States,
pointing out that black tongue, like pellagra, seems to occur for the
most part in the southern states. Goldberger and Wheeler9 were
able to reproduce in dogs an experimental condition, similar, at least,
to that produced by Chittenden and Underhill, which they regard as
experimental pellagra. The symptoms were induced in dogs by a
type of diet found to be associated with the occurrence of pellagra
and also with a diet that had produced pellagra in the human subject.
Underhill and Mendel"0 continued the investigation begun by
Chittenden and Underhill and recently published an elaborate re-
port. It is shown here that when butter fat is fed to dogs suffering
from the deficiency disease described by Chittenden and Underhill
these animals are quickly restored to a normal condition and may be
maintained in health for prolonged periods. Under similar circum-
stances cod-liver oil, known to contain active fat-soluble vitamin A,
fails to restore these diseased dogs. Evidently this vitamin is not
the potent factor in butter fat. The effective factor in butter fat is
apparently quite labile, for the potency is diminished by maintenance
in cold storage during a period of 9 to i i months. The presence of
the potent factor in butter fat is associated with the color of the
butter. As the color decreases the potency is diminished. Egg yolk
contains the effective factor but is apparently less potent than butter
fat. Boiled unpeeled carrots are even more effective than is butter
fat. It would appear that there is a direct relationship between the
presence of carotinoids in the substance tested and the potent factor.
This is supported by the fact that crystallized carotin in relatively
small doses is capable of curing the diseased condition. These
authors also call attention to the possibility that naturally occurring
pigmentary substances in foodstuffs may play a rffle in nutritive
processes.
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Goldberger and his associates ` have stated that in experimental
black tongue in dogs such substances as yeast, yeast extract, and fresh
lean beef possess preventive powers for black tongue and also are
effective in human pellagra. On the other hand, when butter or
cod-liver oil is used in black tongue or human pellagra, it exhibits
]ittle or no potency.
It is further reported by these investigators that the rat may
serve as an experimental animal in the study of black tongue and of
human pellagra. 2
In another report it is concluded that yeast contains two vitamins,
one the well established "water-soluble B" and the other the anti-
pellagra vitamin which has been designated P-P (pellagra-preven-
tive). Goldberger states that "the available evidence seems to
leave no reasonable doubt but that pellagra is caused by a faulty diet.
The primary dietary fault appears to be of the nature of a deficiency
of a factor P-P, very probably but not certainly identical with a
dietary essential, heretofore included with the anti-neuritic under
the designation 'vitamin B,' which some workers have attempted to
identify with bios."
A later report by Goldberger and his associates" calls attention
to a study of the black tongue preventive action of sixteen foodstuffs
including maize, whole wheat, wheat germ, cowpea, soy bean, milk,
butter, cod-liver oil, cottonseed oil, beef muscle, pork liver, canned
salmon, egg yolk, canned tomatoes, carrots, and rutabaga turnips.
Of these substances' liver, salmon, and egg yolk are rich in black
tongue preventive and are recommended for use in the treatment
and prevention of pellagra in the human subject. The other sub-
stances may contain small amounts of the effective agent but in gen-
eral are poor sources with the exception of wheat germ and beef
muscle.
At the present moment a marked discrepancy exists between the
results reported by Underhill and Mendel and those of Goldberger.
This centers mainly on the effectiveness of butter fat in the treat-
mnent of the experimental condition induced in dogs by the two
groups of investigators. According to one group (Underhill and
Mendel) butter contains an effective preventive factor-while the
other group (Goldberger and associates) claims that "butter, while
not devoid of it, is a relatively poor source of the black tongue pre-
ventive."'3 It has been assumed in the past by Goldberger that the
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conditions induced by both groups of investigators were the same,
but in a recent statement'3 he inclines to the view that the two states
under discussion may not be identical. Should this prove to be true
the discrepancies which are so apparent are readily explicable.
Whatever may be the final decision, it is quite apparent that the ex-
perimental production of these pellagra-like conditions in animals
has greatly stimulated investigation in this phase of abnormal nutri-
tion and will undoubtedly lead to important new conceptions of
normal nutritive requirements.
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THE BASIS OF COMMUNITY HEALTH PROMOTION
IRA V. HISCOCK
Within a half century, the significance of the term "public
health" has broadened to include not alone sanitation and communi-
cable disease control, but also popular education in the elements of
personal hygiene, particularly child hygiene, in addition to medical
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